BACKGROUND
A Conserved Key Amino Acid Positions (CKAAPs) analysis attempts to better understand the relationship between protein sequence and protein structure. The CKAAP algorithm has been described previously (1) . In summary, the algorithm analyzes the sequence relationship among representative polypeptides defined by structure alignment studies (2, 3) . Polypeptides (subsequences with <25% identity and at least 24 amino acids long) adopting a similar conformation are aligned to the master sequence based on the structural alignment in a pairwise fashion. The sequence space is expanded by obtaining the homologs of each subsequence from SWALL (combined SWISS-PROT, TrEMBL, TrEMBL New) using FASTA3 (4) . Using a weighted scoring scheme, the algorithm attempts to provide an unbiased examination of the conservation of amino acid positions based on amino acid identities and property groups (1, 5) .
The importance of the CKAAPs identified for a number of common folds such as the immunoglobulin fold (IgFF) is well supported by existing experimental and theoretical studies found in the literature (1, 6, 7) . CKAAPs are found not only within the expected hydrophobic core of proteins, but also in loops and turns. CKAAPs identify the majority of the nucleation/ stabilization centers predicted by other methods (8, 9) . In cases where systematic mutation studies are available (10, 11) , CKAAPs are substantiated and may provide guidance for future studies. We have shown this in a recent study related to the Paracelsus Challenge (B.V.B.Reddy, W.W.Li and P.E.Bourne, submitted for publication).
The significance of CKAAPs is linked to the number of structures that can be aligned and the accuracy of that alignment. At present, no good statistical treatment for this exists. Our approach for the CKAAPs DataBase (CKAAPs DB) is to recalculate CKAAPs as more structures become available, as we improve our own alignment methodology (12) and to incorporate the alignment methodology of others, especially FSSP (3). CKAAPs DB is updated with each major release of the structural alignment databases, as well as sequence databases providing a means to easily retrieve and review a current list of those amino acid positions believed to be most crucial in a biological and structural role.
DATABASE
CKAAPs DB uses the Oracle 8i object relational database (http://ckaaps.sdsc.edu). It takes advantage of customized Oracle WebDB/Portal features to provide the query interface. New database server hardware has significantly improved the *To whom correspondence should be addressed at: San Diego Supercomputer Center, University of California, San Diego, 9500 Gilman Drive, La Jolla, CA 92093-0505, USA. Tel: +1 858 534 8301; Fax: +1 858 822 0873; Email: bourne@sdsc.edu response time. Other custom interfaces are developed using PERL, DBI, javascript and XHTML.
At the time of writing, the database comprises the following features, including some beta features that are going into production shortly. 
Content

Display features
1. The number of CKAAPs displayed by default is set to be 20% of the average sequence length of the set of aligned sequences. The combined score from the amino acid identity and property group conservation is used to rank the amino acids within this cutoff. The rank of 'a' is the highest scoring position, 'b-z' ranks lower in that order; 'A-Z' is used for ranks lower than 26, and so on. A lookup table of a rank and its respective character designation is provided. 2. A confidence level is calculated based on the random withdrawal of 20% of the represented sequences. Currently 50-500 iterations are performed based on the number of aligned chains multiplied by 10, not to exceed 500.
CKAAPs that are present 100% of the time are given a confidence level of 9, with a range down to 0 (present <20% of the time). A cumulative rank score is calculated such that a rank of 'a' is representative of the whole iterative process, and not just a single run. 3. A profile or log odds matrix is also provided with each structure-sequence alignment. The log odds matrix provides a complete picture of the potential residues that may occur at each position. This allows the user to combine the information from the property grouping to determine which group of amino acids are most likely to occur at each position. 4. Rendering of the CKAAPs using the molecular graphics program Molscript (17) is available and provides a spatial representation for the assessment of CKAAPs. The CKAAPs may be colored by rank or confidence. All atoms of the CKAAP residues may also be drawn using van der Waals radii. 5. Rendering of structure and sequences alignments colored by sequence identity and property groups is done using Mview (18). 6. The PDB (http://www.rcsb.org) maintains secondary structure assignments according to the method of Kabsch and Sander (16) for all polypeptide chains within the PDB. CKAAPs may be highlighted in this context. 7. All reports contain links to the NCBI (http:// www.ncbi.nlm.nih.gov) GenPept database and the RCSB PDB explorer (http://www.rcsb.org/pdb/cgi/explore.cgi).
Maintenance
1. SWALL is updated monthly, CE is updated every 3 months, FSSP is updated every month and CKAAPs DB is updated approximately every 2 months. 2. Currently, database searches are performed using FASTA3 parallel programmed for high-performance computing (4). For the current release, it takes ~1000 h of computer time at the current cutoff specified above. PSI-BLAST searches are being made available as a user requested option. We are currently using Linux clusters to parallelize PSI-BLAST searches of the NCBI nr database.
